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INTRODUCTION 
CHAPTER 
INTRODUCTION 
Oilseeds occupy an important place in agriculture 
all over the world. The important oilseeds grown in India 
include: Arachis hypogaea (groundnut), Brassica campestris 
(rapeseed), Brassica juncea (mustard), Carthamus tinctorius 
(safflower). Glycine max (soybean), Guizotia oleifera (niger 
seed), Helianthus annuus (Sunflower), Linum usitatissimum 
/JJ.rus^ A^I ^nd -Hp-KamiiTP J.ndJx;^ ^ /s<°s^^^£'?. Th^^r p23y ^ vJt^J 
role in every day life, beii^ g ^n essential part of food as 
well as in industry. Edil;ie oil is used for culinary 
purposes. It provides in th^ human body a vehicle for the 
transport of fat soluble vitamins (vitamin A, D, E and K). 
It also furnishes, on equa\ weight basis, 2.5 times more 
calories compared with cartjohydrates. Non-edible oils are 
used in industries, like Soap, paint, varnish, hair oil, 
grease, lubricant and fuel, ^he by-product left after the 
extraction of oil is usee for various purposes, like 
livestock and poultry ratii^^, manure, nematicide and hair 
shampoo. 
For the last many years, the production of vegetable 
oil in general and edible 0^1 ^^ particular is not keeping 
pace with increasing domestic and industrial demand in our 
country. The situation compeig the Government to import a 
huge quantity (about one n,iiiion tonnes) of edible oils 
every year. Enhancement of oilseeds production is, 
therefore, one of the national priorities and there is no 
alternative except to increase per hectare productivity of 
oilseeds. The productivity of a crop could be increased to 
considerable extent by balanced manuring. However for a vast 
country like India, it is imperative to work out the precise 
package of farm practices for a given cultivar of a crop for 
each region, as much diversities are found in soil as well 
as climatic conditions. On the other hand, species of a 
genus, and even varieties of a species, differ under the 
same environmental conditions, in their utilisation of 
inputs, including nutrients (Millikan, 1961; Evans and 
Sorger, 1966). 
At Aligarh, although Afridi, Samiullah and their 
associates have done considerable work on mineral nutrition 
requirements of oilseeds, among other crops, including 
creals, medicinal and aromatic plants and pulses, an 
in-depth study has not been done on sunflower and linseed. 
In our country, special attention could be given to 
sunflower (Helianthus annuus) and linseed (Linum 
usitatissimum) for reasons given below. The former can be 
grown successfully in all the three main seasons (winter, 
spring and rainy) under a wide range of agroclimatic 
conditions (Singh, 1972). Further, the crop holds great 
promise for its inclusion in various multiple cropping 
sequences and can be introduced as a catch crop during 
spring season after harvest of potato, sugarcane, rice, 
cotton, toria, etc. (Sarmah et £l., 1994), and is thus 
becoming popular among Indian farmers day by day. It 
furnishes oil free from erucic acid (Downey and Rimmer, 
1993) which is supposed to be one of the undesirable fatty 
acids in human diet as it increases cholestrol level in the 
blood. The oil is more or less equal to olive oil in its 
medicinal and food value. It is an excellent salad oil and 
is used in margarines and lard substitutes. The seeds are a 
good bird and poultry food. The whole plant is often grown 
for ensilage. The oil is also used in paint, varnish and 
soap industries (Hill, 1952). It is grown on a large scale 
in Argentina, Canada, Rumania, Russia and the United States. 
The importance of Linum usitatissimum is two-fold. 
In addition to producing oil, it furnishes good quality 
fibre. Its oil is seldom used for edible purposes. However, 
the main use of linseed oil is in industries, like paint, 
varnish, linoleum, soft soap and printer's ink (Hill, 1952). 
The fibre is used in the manufacture of strong twines, 
canvas daries, coating and shirting. The woody matter 
combined with short fibres left after extraction is capable 
of being converted into useful pulp for manufacture of paper 
(Samba Murty and Subrahmanyam, 1989). Linseed is grown on a 
commercial scale chiefly in Argentina, Canada, China, India, 
Russia, United States and Uruguay (Hill, 1952). 
In view of the importance of the two oil crops and 
the obvious lacunae, in our knowledge, of their nutritional 
requirements, it is proposed to undertake research on them 
with the following aims: 
1. Selection of the cultivar of sunflower and of 
linseed recommended by the Agriculture Department 
for cultivation in Western Uttar Pradesh, best 
suited to the conditions obtaining locally. 
2. Determination of the optimum basal requirement of 
nitrogen, phosphorus, potassium and sulphur for the 
selected cultivar of each of the two crops under 
local conditions. 
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REVIEW OF LITERATURE 
2-1 History of inorganic plant nutrition 
The history of plant nutrition is as old as 
cultivation of grain crops by ancient people. The use of 
farm yard and green manure, night soil, bone, wood ash, fish 
and organic materials for manuring fields is a centuries old 
practice. As far as the history of recorded experiments is 
concerned. Van Helmont, in 1648, was the first to perform a 
simple experiment. He grew a willow twig weighing 2 kg for 5 
years in a container having 90.7 kg soil. During the entire 
period of growth, only rain water was provided. At the end 
of 5 years, the plant weight was 75 kg. However, soil loss 
was only a few g in dry weight. He interpreted that it was 
water and not soil that contributed to the growth of the 
plant. On the contrary, the importace of soil matter was 
realised by Woodward in 1699. He grew sprigs of mint in 
four samples of water (rain water, river water, Hyde park 
drainage and Hyde park drainage + garden mould). After 77 
days, he observed that the plants survived and grew better 
in muddy water than in clear rain water. 
Credit goes to de Saussure (.1504) for emphasisig a 
close relation between the minerals found in the soil and 
the plants that grew in it. In his experiment, plants were 
maintained in a solution of ash to which nitrates were 
added, and grown to maturity. He reasoned from his 
experiments the importance of the uptake of nitrate and the 
origin and essential nature of the mineral elements. 
Liebig (1840) established for the first time that 
phosphorus and magnesium are needed by plants. He also 
recognised the importance of minerals in the nutrition of 
plants. 
Sachs (1860) and Knop (1861) performed liquid culture 
experimnts to determine the content of plants. With the 
availability of sophisticated analytical apparatuses, 
scientists have been able to demonstrate the essentiality of 
16 elements for the growth and development of most plants. 
These include, according to their concentration in higher 
plants, in descending order: hydrogen (H), carbon(C), 
oxygen(O), nitrogen(N), potassium(K), calcium(Ca), 
magnesium(Mg), phosphorus(P), sulphur(S), chlorine(Cl), 
iron(Fe), boron(B), manganese(Mn), zinc(Zn), copper(Cu) and 
molybdenum(Mo). On the basis of their amount present in 
plants C, H, O, N, P, K, Ca, S and Mg are known as 
macronutrients (needed in concentration of 1000 /ug (or 
more)/g of dry matter). On the other hand, CI, Fe, B, Mn, 
Zn, Cu and Mo needed in tissue concentrations equal to or 
less than 100 /ig/g of dry matter, are called micronutrients 
(Salisbury and Ross, 1992). 
Some elements, like aluminium(Al), cobalt(Co), 
gallium(Ga), nickelCNi), selenium{Se), silicon(Si) and 
sodium(Na), known to be essential for the normal growth of 
certain plants, are called as beneficial elements (Devlin 
and Witham, 1986; Salisbury and Ross, 1992). 
Since, in addition to nitrogen, phosphorus and 
potassium, oil producing crops also require sulphur in large 
quantity, this brief review would be restricted to these 
four elements. 
2.2 Physiological roles of nitrogen, phosphorus, potassium 
and sulphur 
Every essential element has some specific roles in 
plant metabolism. The roles of nitrogen, phosphorus, 
potassium and sulphur are briefly given below. 
2.2.1 Nitrogen It is the most prevalent mineral element in 
plants. It is a component of many essential compounds, such 
as amino acids, proteins, nucleic acids, plant growth 
regulators, vitamins, chlorophylls and enzymes. The roots of 
most higher plants absorb nitrogen from the soil in the form 
of nitrate ion (NOZ) which is reduced and incroporated into 
organic compounds (Bandurski, 1965). 
When the supply of nitrogen is sub-optimal, 
yellowing of mature leaves occurs first, because nitrogen 
moves rapidly from older to younger leaves. Nitrogen 
deficiency in plants inhibits cell division and cell 
elongation. The production of pigments other than 
chlorophyll takes place when nitrogen is lacking. For 
example, in tomato leaf, veins turn purple or red due to 
development of anthocyanin pigments. 
Under conditions of excess supply of nitrogen, 
vegetative growth and susceptibility of plants to infection 
increase. There is tendency towards increased leaf cell 
number and enlargement of cell size that leads to succulence 
together with an overall increase in leaf production. 
Excessive application of nitrogen also results in feebly 
developed root system and low root/shoot ratio and delays 
maturity (Curtis and Clark, 1950; Black, 1973; Devlin and 
Witham, 1986). 
2.2.2 Phosphorus Two forms of phosphorus are generally 
present in the soil, i.e. organic and inorganic. Much of the 
phosphorus of the soil solution, present in inorganic form, 
mainly as monovalent H^PO" and divalent HPOT" Ions, is 
•^  2 4 4 
converted into organic form upon entry into roots or after 
transport through the xylem in shoot (Wiklander et a^. , 
1950). Phosphorus is an essential part of phosphorylated 
sugars involved in photosynthesis, respiration and other 
metabolic processes. It is also part of ribose nucleic acid. 
deoxyribose nucleic acid, phospholipids present in membrane, 
phytin, nicotinamide adenine dinucleotide, nicotinamide 
adenine dinucleotide phosphate, adenosine triphosphate, 
pyridoxal phosphate, thiamine pyrophosphate, nucleoproteins, 
nucleic acids, purine and pyrimidine nucleotides and flavin 
nucleotide (Nason and McElroy, 1963). Phosphate 
participates directly in photochemical events of 
photosynthesis, including orthophosphate and nicotinamide 
adenine dinucleotide phosphate required for production of 
assimilatory power, viz. NADPH+H +ATP (Arnon, 1959). 
Phosphorus deficient plants exhibit delayed maturity 
compared with those containing adequate phosphates. If 
excess phosphorus is provided, root growth is often 
increased relatively to shoot growth (Tamhane et al., 1970). 
Phosphorus deficient plants show retarded growth and dead 
patches appear on leaf petiole and fruit. Anthocyanins 
sometimes accumulate, oldest leaves become dark brown and 
such plants suffer from premature leaf fall (Devlin and 
Witham, 1986). 
2.2.3 Potassium Unlike nitrogen and phosphorus, potassium 
does not become a constituent of any metabolic compound. 
However, large amount of potassium is needed for proper 
growth and development of plants (Hewitt, 1951). The highest 
concentration of potassium is found in meristematic region 
10 
of plant (Nason and Mc Elroy, 1963). Webster and Varner 
(1954) noted that potassium is an activator for enzymes 
involved in synthesis of peptide bonds. The accumulation of 
carbohydrates, often observed during the early stages of 
potassium deficiency, may be due to impaired protein 
synthesis (Eaton, 1952) because carbon skeletons that would 
normally go into protein synthesis are accumulated as 
carbohydrates. 
In addition to its role as an activator in protein 
metabolism, potassium also affects the opening and closing 
of stomata (Humble and Hsiao, 1969). Translocation of 
organic solutes totally depends upon potassium ions, which 
are moved across the sieve plate actively (Salisbury and 
Ross, 1992). It is required in starch formation (Preiss and 
Greenberg, 1967; Nitsos and Evans, 1969), oxidative 
phosphorylation, glycolysis and adenine synthesis (Evans and 
Sorger, 1966). 
Potassium deficient plants show stunt growth of 
shoot with numerous tillers and there may be little or no 
flowering. The colour of leaf may be dull bluish green. 
Chlorosis occurs in intervenal regions. In older leaves, 
browning of tips, margin scorching or development of brown 
spots near margin occurs. Reduced internodes of stem as well 
as the production of grain in cereals and delayed maturity 
11 
have been noted in potassium deficient plants (Devlin and 
Witham, 1986). 
2.2.4 Sulphur Soil sulphur is found primarily in the 
organic fraction (Quastel, 1963), but it may also be found 
in minerals such as pyrite, cobaltite, gypsum and epsonite. 
In soil solution, it is normally present as sulphate (SO^ ) 
ion, in which form it is taken up by plant roots. It may 
also enter by way of the leaves as sulphur dioxide when it 
is present in atmosphere (Thomas &t al., 1944). Sulphur is a 
component of proteins being a constituent of three amino 
acids, e.g. cystine, cystein, and methionine, that act as 
protein building blocks. Sulphur is also a component of 
biotin, thiamine and coenzyme A and may also be found in 
sulphydryl groups which are necessary for enzyme activity. 
Sulphur also forms cross-links in joining with peptide and 
hydrogen bonding for stabilisation of protein structure 
(Devlin and Witham, 1986). The sulphurous odour of many of 
the Crucifers is due to the presence in them of volatile 
compounds containing sulphur. Members of Liliaceae (onion 
and garlic) and Tropeolae also contain these compounds. 
Sulphur is also a component of S-adenosyl methionine 
which is important in lignin and sterol biosynthesis. 
Sulphur is involved in photosynthesis, nitrogen metabolism 
and ferredoxin synthesis. That sulphur is directly involved 
in electron transport has been demonstrated by 
12 
characteristic of glutathione reductase (Conn and 
Vennesland, 1951; Mapson and Goddard, 1951). 
Sulphur deficiency results in general chlorosis 
followed by anthocyanin pigmentation. Amino acids and other 
nitrogen containing compounds accumulate in the tissues and 
proteolytic activity also increases. Plants look stunted and 
flowering is delayed (Malik and Srivastava, 1982). 
2.3 Effect of nitrogen, phosphorus, potassium and sulphur 
application on the performance of Helianihus annuus and 
Linum usitatissimum 
As in other oil crops, application of nitrogen, 
phosphorus, potassium and sulphur influences the growth and 
development of sunflower and linseed. The available 
literature for the last fifteen years, particularly of 
Indian origin, is reviewed below. 
2.3.1 Helianthus annuus 
Singhi and Pacheria (1981) carried out a field 
experiment for two years during rainy seasons at Kota 
(Rajasthan) on sunflower cv. EC 68414. They applied three 
levels each of nitrogen, i.e. 0, 60 and 120 kg N/ha and 
phosphorus, viz. 0, 30 and 60 kg P2O5 (0* 13.1 and 26.2 
kg P)/ha. They noted that application of nitrogen upto 120 
kg N/ha increased the growth and yield in the first year. 
13 
Pooled analysis also showed a similar trend. However, in the 
second year, yield difference due to 60 and 120 kg N/ha was 
not significant. In their experiment, phosphorus had no 
effect on seed yield. 
Tripathi and Kalra (1981) conducted a field 
experiment during summer seasons for two years at Meerut 
(U.P.) on sunflower cv. EC 68414. They applied combinations 
of four levels of nitrogen, i.e. 0, 30, 90 and 120 kg N/ha, 
three levels of phosphorus, viz, 0, 60 and 120 kg P-O^ (0, 
26.2 and 52.4 kg P)/ha and two levels of potassium, i.e. 0 
and 60 kg K 0/ha (0 and 49.8 kg K/ha) . They reported that 
the application of 40 kg N + 60 kg P20^ (26.2 kg P) + 60 kg 
K 0 (49.8 kg K)/ha resulted in maximum yield of seeds. 
Muthuvel et ajL. (1983) performed a field experiment 
three times (twice during 'rabi' and once during 'kharif 
season) in two years on sunflower cv. EC 68414 at 
Bhavanisagar (T.N.). They applied four levels of nitrogen 
(0, 40, 80 and 120 kg N/ha) along with a uniform dose of 90 
kg P20^ (39.3 kg P) and 60 kg K2O (49.8 kg K)/ha. In all the 
three instances, no significant effect of nitrogen was found 
on seed as well as oil yield. 
Patil (1983), conducting a field experiment for 
three years during 'rabi' seasons at Dapoli (Maharashtra), studied the 
14 
effect of three levels of nitrogen, viz. 40, 60 and 80 kg 
N/ha along with a uniform dose of 25 kg P20^ (10.9 kg P)/ha on 
the yield performance of three cultivars of sunflower (EC 
68413, EC 68414 and EC 69874). He reported on pooled basis 
that nitrogen levels did not differ significantly. He 
further reported that cultivar EC 68414 surpassed the 
others, with 60 kg N/ha giving the highest seed yield. 
Samui and Bhattacharyya (1984) conducted a field 
experiment during winter season for two years at Nadia 
(W.B.) to study the effect of seven treatments on nitrogen, 
phosphorus and potassium uptake, seed yield and oil yield of 
sunflower cv. EC 68414 (Predovik). The treatments included: 
0 and 60 kg N/ha (soil), 60 kg N/ha (foliar), 40 kg K2O 
(33.2 kg K)/ha (soil), 40 kg K2O (33.2kgK)/h5 (foliar), 60 kg 
N + 40 kg K O (33.2 kg K)/ha (soil) and 60 kg N + 40 kg K 0 
(33.2 kg K)/ha (foliar). A uniform dose of 40 kg P 0^ (17.5 
kg P)/ha was also applied to all plots. They reported 
maximum uptake of nitrogen, phosphorus and potassium, seed 
yield and oil yield with soil application of nitrogen with 
potassium. 
Singh and Quadri (1984) performed a field experiment 
during spring season on sunflower cv. Vniimk 8931 at 
Pantnagar (U.P.). They studied the effect of combinations of 
rate and time of nitrogen application on yield and yield 
15 
contributing characters of sunflower. They applied three 
levels of nitrogen, viz. 40, 80 and 120 kg N/ha together 
with a uniform dose of 60 kg P^Oc (26.2 kg P) and 40 kg K^O 
(33.2 kg K)/ha and seven schedules of its application. The 
schedules included nitrogen application all at planting, h 
at planting + ij at pre-bloom, 2/3 at planting + 1/3 at 75% 
bloom, H at planting + Jj at 75% bloom, 1/3 at planting + 1/3 
at pre-bloom + 1/3 at 75%, bloom, 1/2 planting + 1/4 pre-
bloom + 1/4 at 75% bloom and 1/4 at planting + 1/4 at pre-
bloom + 1/4 at 75% bloom + 1/4 at 20 days after 75% bloom. 
Of the nitrogen doses, 80 kg N/ha proved best for most of 
the yield characters, including seed yield. It was also 
observed that the effect of schedule of nitrogen application 
on yield and yield contributing characters was not 
significant. 
Sarkar (1985) carried out a two year field 
experiment, during summer and winter seasons at Midnapur 
(W.B.), to study the effect of nitrogen levels with and 
without liming on yield and NPK uptake in sunflower cv. EC 
68414 on lateric upland soil. The treatment consisted of 
five levels of nitrogen (0, 20, 40, 60 and 80 kg N/ha) as 
ammonium sulphate along with 60 kg P^O^ (26.2 kg P) and 60 
kg K^O (49.8 kg K)/ha. He concluded that application of the 
highest level of nitrogen (80 kg N/ha) resulted in maximum 
yield in both original as well as lime treated soil. The 
16 
increased yield with higher level of nitrogen was 
attributed to greater uptake and subsequent assimilation of 
nitrogen. The concentration of nitrogen in plants was 
highest at 50 days after sowing, thereafter the 
concentration of the nutrient decreased linearly with time, 
irrespective of nitrogen rates. Application of increasing 
levels of nitrogen also exhibited increasing trend of both 
phosphorus and potassium concentration in whole plants. 
Chaniara Gt a].. (1989) carried out a field 
experiment for two years during 'rabi' season at Junagarh 
(Gujarat) to study the effect of irrigation, nitrogen and 
phosphorus on the productivity of 'rabi' sunflower (cv. not 
mentioned). There were three levels each of nitrogen and 
phosphorus, viz. 40, 60 and 80 kg N and PpO(. (17.5, 26-2 and 
34.9 kg P)/ha. Regarding the effect of nitrogen, they noted 
that there was significant increase in growth and yield 
attributes, like plant height, leaf area index, head 
diameter, seeds/head, per cent filled seeds/head, seed yield 
and stover yield with increasing levels of nitrogen upto 
60 kg N/ha. Increasing levels of phosphorus "upto 80 kg P^ O^ . 
(34.9 kg P)/ha increased plant height and seeds/head. 
Whereas, head diameter and seed weight/head increased upto 
60 kg P2O5 (26.2 kgp)/ha. Seed, as well as stover yield, was 
not affected by phosphorus application. 
17 
Ujjinaiah et al. (1989) conducted a field experiment 
during 'monsoon' seasons for two years on sunflower cv. EC 
68415 at Kathalagere (Karnataka). They applied three 
nitrogen and phosphorus levels (40 kg N + 40 kg Po^s d^-^ 
kg P), 60 kg N + 60 kg P2O (26.2 kg P) and 80 kg N + 80 kg 
P O (34.9 kg P)/ha) along with 40 kg K O (33.2 kg K)/ha. 
Results of the two year study revealed that the application 
of 60 kg N + 60 kg P^O^, i.e. 26.2 kg P) resulted in higher 
growth and yield components over other nutrient levels. 
Regarding oil content, it was found that there was a 
decreasing trend with increasing levels of nitrogen and 
phosphorus. 
Gangadhara et ad. (1990), carrying out a field 
experiment during 'kharif season on sunflower (cv. not 
mentioned) at Dharwad (Karnataka), applied four levels of 
elemental sulphur (0, 2.5, 5.0 and 10.0 kg S/ha) along with 
the recommended dose of 37.5 kg N + 50 kg PpO- (21.8 kg P) + 
37.5 kg K^O (31.1 kg K)/ha. They reported that increasing 
levels of sulphur enhanced 1,000 seed weight, stalk yield, 
head diameter, seed yield, oil content, oil yield, crude 
protein, acid value and iodine value of sunflower. However, 
the effect of 5 and 10 kg S/ha on 1,000 seed weight and 
stalk yield was at par. 
Bindra and Kharwara (1992) conducted a two year 
field experiment during spring season on sunflower cv. 
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EC 68414 at Palampur (H.P.). The treatments comprised four 
levels of nitrogen (0, 30, 60 and 90 kg N/ha). A uniform 
dose of 60 kg P2O5 (26.2 kg P) and 40 kg K2O (33.2 kg K)/ha 
was applied at sowing. They observed that head diameter, 
seeds/head, 1,000 grain weight, seed yield and oil yield 
increased significantly with each increment of nitrogen upto 
60 kg N/ha. However, the effect of 60 kg N/ha on seed and 
oil yield was at par with that of 90 kg N/ha. They ascribed 
the increase in seed and oil yield to the combined effect of 
head size, seeds/head and 1,000 seed weight obtained with 
each increment of nitrogen level upto 60 kg/ha, the 
relationship between yield and level of nitrogen suggesting 
71.22 kg N/ha to be the optimum dose. 
Hiray et al_. (1992) performed a field experiment at 
Rahuri (Maharashtra) on sunflower cultivars under summer 
conditions. They included four nitrogen levels, viz. 0, 40, 
80 and 120 kg N/ha and three varieties, namely EC 68414, 
Morden and Surya. A uniform dose of 40 kg P^O^ (17.5 kg P)/ha 
was given at the time of sowing. They reported that there 
was significant increase in number of grains/thallus, 1,000 
grain weight, grain yield/plant and grain yield/ha with 
increasing level of nitrogen upto 80 kg N/ha. Regarding 
varietal behaviour, they reported that variety Surya 
surpassed the others. 
19 
Patil et ad. (1992) carried out a field experiment 
at Parbhani (Maharashtra) on sunflower cv. LSH 3 during 
'kharif season. They applied four levels of nitrogen, viz. 
0, 40, 80 and 120 kg N/ha, together with a uniform dose of 
60 kg P O (26.2 kg P) and 30 kg K O (24.9 kg K)/ha and 
noted that grain weight/plant, per cent filled grains/ 
plant, 1,000 grain weight, grain yield and oil yield 
increased with increasing level of nitrogen upto 80 kg N/ha 
which was at par with 120 kg N/ha. However, there was a 
decreasing harvest index with increasing level of nitrogen. 
Sarmah et ^ - (1992) conducted a two year field 
experiment during spring seasons on two cultivars of 
sunflower at Hisar (Haryana). They applied four levels of 
fertility, viz. control, 40 kg N + 20 kg P2OC (8.7 kg P), 60 
kg N + 30 kg P20^ (13.1 kg P) and 80 kg N + 40 kg P2O (17.5 
kg P)/ha and selected two cultivars of sunflower, namely EC 
68415C and Morden. They reported that, during early growth 
stages, all growth attributes (plants height, stem girth, 
number of leaves and leaf area/plant) were higher with 
lowest fertiliser dose (40 kg N + 20 kg PpO„ (8.7 kg P)/ha). 
But, at later growth stages, application of medium 
fertiliser dose was found comparable with the highest 
fertiliser dose in terms of growth parameters and seed 
yield. Cultivar EC 68415 C proved superior to Morden as far 
as seed yield was concerned. 
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Vivek and Chakor (1992) performed a field experiment 
for two years during spring seasons on sunflower cv. Morden 
at Palampur (H.P.). They raised plants with three levels of 
nitrogen (40, 80 and 120 kg N/ha) along with 60 kg P^O^ 
(26.2 kg P) and 40 kg K2O (33.2 kg K)/ha. They found that 
the application of nitrogen upto 120 kg N/ha produced taller 
plants, more leaf area index and functional leaves, besides 
contributing higher seed yield over the rest of the nitrogen 
levels during both years. However, the effect of 80 kg N/ha 
was at par with that of 120 kg N/ha on seed yield during the 
second year. 
Khokani et_ al. (1993 a and b) carried out a field 
experiment during 'rabi' season at Navasari (Gujarat) on 
sunflower cv. EC 68414. They gave a dressing of nitrogen and phosphonjs 
each at the rate of 0,30,60 and 90 kg N and P^O^/ha the latter 
being equivalent of 0, 13.1, 26.2 and 39-3 kg P/ha. They 
reported that nitrogen fertilisation increased plant height, 
leaf area index, dry matter/plant, head diameter, seeds/ 
head, 1,000 seed weight, seed yield, oil yield, stalk yield 
and content and uptake of nitrogen, phosphorus and potassium 
upto 90 kg/ha; but the difference was significant only upto 
60 kg/ha. Effect of nitrogen application at 60 and 90 kg 
N/ha was at par. Phosphorus had no significant effect on 
growth, yield attributes (except 1,000 seed weight and 
seeds/head) and yield as well as content and uptake of 
nitrogen, phosphorus and potassium. 
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Prabhuraj et al. (1993) carried out a field 
experiment at Bangalore (Karnataka) on sunflower cv. KBSH 1 
(season not mentioned). The treatments comprised 3 levels of 
phosphorus (0, 75 and 112.5 kg P O (0, 32.7 and 49.1 kg P)/ 
ha), 2 levels of sulphur, viz. 0 and 10 ppm S (0 and 22.4 kg 
S/ha) and two levels of zinc, i.e. 0 and 5 ppm Zn (0 and 
11.2 kg Zn/ha) along with uniform recommended dose of 
nitrogen and p< ium each at 62.5 kg N and K 0/ha, the 
latter being equivalent of 51.9 kg K/ha. They reported that 
increasing levels of phosphorus, sulphur and zinc promoted 
height, head diameter, 1,000 seed weight, seed yield and oil 
yield. They also recorded that the combined application of 
112.5 kg P O (49.1 kg P) + 10 ppm S (22.4 kg S) + 5 ppm Zn 
(11.2 kg Zn)/ha) gave maximum values of all parameters, 
including seed and oil yield. 
Vivek et (31.(1993) performed a field experiment at 
Dhaulakuan (J&K) to study the effect of five levels of 
phosphorus, viz.O, 30, 60, 90 and 120 kg P-O- (0, 13.1, 
26.2, 39.3 and 52.4 kg P)/ha with a uniform dose of 80 kg 
N/ha on seed yield of sunflower cv. Morden grown in two 
seasons (spring and rainy). It was found in the first season 
that the application of 60, 90 and 120 kg P2OC (26.2, 39.3 
and 52.4 kg P)/ha, being at par, proved better than 0 kg 
PpO^/ha which itself showed parity with 30 kg P^O (13.1 kg 
P)/ha. On the other hand, the effect of all phosphorus 
levels (except control) was at par during the second season. 
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Annaduri et^  al^ . (1994) conducted a field experiment 
at Coimbatore (T.N.) on sunflower cv. CO 1 (season not 
mentioned). They supplied five levels of potassium (0, 10, 
20, 30 and 40 kg K2O (0, 8.3, 16.6, 24.9 and 33.2 kg K)/ha) 
and two levels of phosphorus, viz. 0 and 20 kg P^Oj. (0 and 
8.7 kg P)/ha in all possible combination with an additional 
treatment in which 1.75% KCl spray at various critical 
stages) was given. uniform dose of 40 kg N/ha was given at 
the time of sowing. They reported that, whereas one growth 
component (dry matter production), was significantly 
influenced by potassium and phosphorus treatments, their 
application did not influence plant height. Graded levels of 
potassium did not affect stem girth also. An increase in 
leaf area index was observed with the application of 
potassium upto 40 kg K„0 (33.2 kg K)/ha. Yield components, 
viz. percentage of filled seeds and test weight were not 
significantly influenced by potassium treatment, whereas 
diameter of head, seed and straw yield and oil content were 
favourably influenced by it. Application of phosphorus 
increased the diameter of head, number of seeds/head, seed 
and straw yield and oil content. Foliar spray of 1.75% KCl 
did not result in any significant increase in the growth and 
yield of sunflower. Similarly, the interaction effect of 
potassium and phosphorus was also not significant. 
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Khade et a]^. (1994) carried out a field experiment 
for three years during 'rabi' season at Dapoli (Maharashtra) 
on sunflower cv. Morden. They applied four levels of 
nitrogen, i.e. 0, 25, 50 and 75 kg N/ha along with a uniform 
dose of 50 kg P20g (21.8 kg P) and 50 kg K 0 (41.5 kg K)/ha. 
They noted, on pooled basis, that the application of 
increasing levels of nitrogen from 0 to 75 kg N/ha enhanced 
seed yield of sunfl er significantly Ungraded manner. 
Sarmah et al.. (1994) supplemented to their earlier 
study (Sarmah et. a]^. / 1992) that yield attributes, namely 
size and dry weight of head, percentage of filled seeds/ 
head, 1,000 seed weight, seed yield/plant and seed yield/ha 
were markedly improved with highest fertility level (80 kg 
N + 40 kg P2O5 (17.5 kg P)/ha. Further, cultivar EC 68415 C 
was found superior to Morden in terms of seed yield and 
other yield attributing characters. 
Sathiyavelu et al. (1994) performed a field 
experiment during 'rabi' season for three years at 
Coimbatore (T.N.) to study the effect of nitrogen, 
phosphorus and potassium alone or in combination on 1,000 
seed weight, oil content and seed yield of winter-season 
sunflower (cv. not mentioned) under rainfed conditions. They 
applied three levels of nitrogen (40, 50 and 60 kg N/ha), 
three levels of phosphorus (20, 40 and 60 kg PJ^^ (8.7, 17.5 
and 26.2 kg P)/ha and two levels of potassium (20 and 40 kg 
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K2O (16.6 and 33.2 kg K)/ha. They found that the effect of 
the nutrients alone or in combination on 1,000 seed weight 
and oil content was not significant. Increasing levels of 
nitrogen enhanced seed yield linearly. Application of 60 kg 
P O^ (26.2 kg P)/ha gave higher values than 20 and 40 kg 
P Oe (8.7 and 17.5 kg P)/ha which were at par. Effect of 
potassium was, however, not significant. Regarding interction 
effects, they concluded that a combined application of 40 kg 
N+60 kg P2O (26.2 kg P) + 40 kg K^O (33.2 kg K)/ha was 
ideal. 
Sharma (1994), carrying out a field experiment 
during 'rabi' season at Jabalpur (M.P.), studied the effect 
of two fertility levels, viz. 31 kg N + 23 kg '^2^^ ^^^'^ ^^ 5 
P) and 62 kg N + 46 kg P2O (20.1 kg P)/ha on plant height, 
leaves/plant, stem diameter, head diameter, 1,000 seed 
weight and seed yield of sunflower cv. EC 68415. He found 
that the higher fertility level to be better. It increased 
all parameters (except leaves/plant) over the lower level, 
leaves/plant being influenced non-significantly by fertility 
levels. 
Vivek et a]^. (1994) further added to their earlier 
study (Vivek and Chakor, 1992) that application of 120 kg 
N/ha showed significantly more seeds/head, percentage of 
filled seeds/head, increased test weight and nitrogen uptake 
in seeds than lower levels of nitrogen. Nitrogen at 120 kg 
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N/ha gave maximum seed yield in individual year, while it 
was at par with 80 kg N/ha in its effect on pooled basis. 
Mishra et _al. (1995) carried out a field experiment 
during winter season on sunflower cv. Morden at Bhubaneswar 
(Orissa). They applied nitrogen and phosphorus each at the 
rate of 20, 40 and 60 kg N and P 0 /ha, the latter being 
ei.. • ---^ lent of 8.7, 17.5 and 26.2 kg P/ha. There was a control 
with no nitrogen and phosphorus. A uniform dose of 30 kg 
K„0 (24.9 kg K)/ha was also applied. Increasing levels of 
nitrogen increased dry matter, nitrogen, phosphorus and 
potassium uptake, seed yield, stover yield and I srvest 
index. However, oil content was maximum with 20 kg K/ha. 
Application of phosphorus resulted in increased dry matter 
yield, seed yield, stover yield, nitrogen, phosphorus and 
potassium uptake and oil content. The response was good upto 
60 kg PpO- (26.2 kg P)/ha for most parameters, including 
seed yield and oil content. However, there was no effect of 
phosphorus application on harvest index. 
Kathuria et a^. (1996), performing a field 
experiment during spring season at Hisar (Haryana), studied 
the effect of three levels of nutrients, i.e. 30 kg N + 20 kg 
P20g (8.7 kg P), 80 kg N + 40 kg P20^ (17.5 kg P) and 90 kg 
N + 60 kg P2O5 (26.2 kg P)/ha on diameter of head, seedsj^ead, 
seed weight/head, 100 seed weight, seed yield, oil content 
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and oil yield of sunflower cv. Divyamukhy. They observed 
that increasing levels of fertility improved all parameters 
linearly, except oil content, which was adversely affected. 
It was also found that the application of higher fertility 
levels had equal effect on 100 seed weight as well as on 
oil content. 
2.3.2 Linum usitatissimum 
Samiullah et a_l. (1982) performed a field experiment 
on linseed cv. LIK 745 at Aligarh (U.P.). They gave five 
levels of phosphorus, viz. 0, 50, 100, 150 Bnd 200 kg P2^5 
(0, 21.8, 43.7, 65.5 and 87.3 kg P)/ha together with a 
uniform dose of 100 kg N and 25 kg K^O (20.7 kg K)/ha. They 
reported that application of phosphorus was beneficial for 
all yield characteristics, including seed yield. Among the 
doses applied, 150 kg PpO^(65.5 kg P)/ha proved optimum for 
number of capsules/plant and seed yield, whereas 200 kg P-jOj. 
(87.3 kg P)/ha was required for maximum number and weight of 
seeds/capsule. However, on economic consideration, they 
concluded that 150 kg P^ Ot- (65.5 kg P)/ha may be applied as 
the optimum dose for linseed cultivation under local 
conditions. 
Singh et al. (1982), conducting a field experiment 
for three years at Jabalpur (M.P.), studied the effect of 
four levels of fertility, viz. 0 and 30 kg N + 15 kg P^ pO^  
(6.5 kg P), 60 kg N + 30 kg P20^ (13.1 kg P) and 60 kg N + 
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30 kg P^O^ (13.1 kg P) + 15 kg K2O (12.4 kg K)/ha, on the 
performance of linseed cv. T 397. They established the 
superiority of 60 kg N + 30 kg P^O (13.1 kg pAia) over other 
treatments on the basis of yield. They also reported that 
the inclusion of potassium (12.4 kg K/ha) had depressing 
effect on seed yield. 
Guleria and Singh (1984), conducting a field experiment for 
two years at Palampur (H.P.), studied the effect of three 
levels of nitrogen (25, 50 and 75 kg N/ha) and two nitrogen 
sources (calcium ammonium nitrate and urea) on fibre yield 
of linseed cv. Flak 1 (a selection from EC 41628). 
Application of 50 kg N/ha proved optimum for fibre yield. 
Regarding the effect of sources of nitrogen, they failed to 
find a conspicuous and cocnsistent difference in fibre 
yield. However, calcium ammonium nitrate turned out to be 
less expensive than urea for fbre production. 
Pfehajan et al. (1986) conduted a field experiment at Akola 
(Maharashtra) on linseed (cv. not mentioned). They gave 
four levels of nitrogen (0, 25, 50 and 75 kg N/ha) with a 
uniform dose of 25 kg P^O- (10.9 kg P)/ha. They reported 
that most of the growth and yield parameters, including 
branches/plant, dry matter/plant, weight of capsules/plant 
and grain yield, were linearly affected by nitrogen 
application. However, applcation of 50 kg N/ha proved 
optimum for most of these parameters. In case of straw 
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yield, nitrogen application at 25 kg/ha proved optimum as 
all three doses of nitrogen were at par, in their effect but 
superior to the no-nitrogen control. 
Verma and Swarkar (1986) conducting a pot experiment in 
green house condition at Allahabad (U.P.), studied the 
effect of nitrogen at 25 kg N/ha, phosphorus at 50 kg PpO_ 
(21.8 kg P)/ha and sulphur at 50 kg S/ha applied alone or 
in various combinations a together with, no-fertiliser control, 
on the performance of linseed cv. Heera. They reported that 
the combination (nitrogen+ phosphorus + sulphur) proved best 
for seed yield, straw yield, oil content and sulphur uptake, 
they also found that sulphur application increased the oil 
content when compared with the application of nitrogen or 
phosphorus alone as well as of nitrogen + phosphorus. 
However, there was not significant effect of the treatments 
on straw-seed ratio, sulphur content, N/S ratio of seed and 
iodine absorption number. 
Raghuwanshi et a]^. (1987), performing a field 
experiment for two years at Indore (M.P.), studied the 
effect of three levels of nitrogen, viz. 0, 40 and 60 kg 
N/ha along with a uniform dose of 17.6 kg P and 16.8 kg 
K/ha on growth and yield of linseed cv. ILS 252. They 
reported that increasing levels of nitrogen enhanced growth 
and yield parameters, including dry matter and seed yield. 
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Sharma and Roy (1987), carrying out a field 
experiment at Bhagalpur (Bihar), studied the effect of four 
levels of fertilisers (kg N + P2O (P) + K2O (K)/ha), i.e. 
0+0+0, 22.5+15 (6.5) + 15 (12.4), 45+30 (13.1) + 30 (24.9) 
and 67-5+45 (19.6) + 45 (37.3), on growth and yield 
performance of four cultivars of linseed, namely LHCK 21, 
LHCK 82, RAULP 2 and T 397. They reported that 45 kg N + 30 
kg P O (13.1 kg P) + 30 kg K.O (24.9 kg K)/ha gave nnaximum 
values for the number of branches/plant, capsules/plant, 
seeds/capsule and 1,000 seed weight. The highest fertiliser 
level, i.e. 67.5 kg N + 45 kg P^O^ (19.6 kg P) + 45 kg K2O 
(37.3 kg K)/ha proved best for seed and straw yield. 
Cultivar LHCK 82 surpassed other varieties. 
Tiwari et a^. (1988) performed a field experiment 
for two years at Powarkheda (M.P.) on linseed cv. Jawahar. 
They supplied four levels of nitrogen, viz. 0, 30, 60 and 90 
kg N/ha with a uniform dose of 30 kg PpO^ (13.1 kg P) and 20 
kg K„0 (16.6 kg K)/ha. They observed that plant height, 
branches/plant, capsules/plant, seeds/plant and seed yield 
increased linearly with increasing doses of nitrogen. 
Awasthietal. (1989) conducted a field experiment at Rewa 
(M.P.) on linseed cv. T 397 to study the effect of graded 
levels of nitrogen and phosphorus alone and in combination. 
Treatments consisted offour levels of nitrogen, viz. 0, 15, 
30 and 45 kg N/ha and three levels of phosphorus, i.e. 0, 10 
and 20 kg P2O5 (0, 4.4 and 8.7 kg P)/ha. Regarding the 
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individual effect of nitrogen and phosphorus, they concluded 
that branches/plant/ capcules/plant and seed yield improved 
with each increase in the level of nitrogen and phosphorus. 
For interaction effect, they reported that the highest seed 
yield and net return could be obtained with a combined dose 
of 45 kg N and 20 kg P20^ (8.7 kg P)/ha. 
Jain £t aj^. (1989) carried out a field experiment 
for two years on linseed (cv. not mentioned) at Gwalior 
(M.P.)- The treatments included four levels of nitrogen (0, 
20, 40 and 60 kg N/ha) and three levels of phosphorus (0, 15 
and 30 kg P 0^ (0, 6.5 and 13.1 kg P)/ha. They found that 
increasing levels of nitrogen enhanced growth and yield 
characters, like plant height, number of primary and 
secondary branches/plant, number of capsules/plant, number 
of seeds/capsule, 1,000 seed weight and seed yield, 
linearly. A similar trend was also noted for the effect of 
phosphorus on a few characters, including plant height and 
seed yield. 
Khurana et al^ . (1989) carried out a field experiment 
at Rewa (M.P.) on linseed cv. T 397. They applied four 
levels of nitrogen (0, 15, 30 and 45 kg N/ha) and three 
levels of phosphorus, viz. 0, 10 and 20 kg PpOj. (0, 4.4 and 
8.7 kg P)/ha. Application of increasing levels of nitrogen 
increased plant height, number of branches, capsules/plant, 
seeds per capsule, test weight and grain yield. A beneficial 
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effect of nitrogen on oil content was, however, noted upto 
30 kg N/ha only. Regarding the effect of phosphorus 
application, it was noted that 10 kg P^Oj. (4.4 kg P)/ha gave 
the maximum seed yield and 20 kg P^O^ (8.7 kg P)/ha, the 
maximum oil content. 
Mohammad (1989), conducting a factorial randomised 
field experiment at Aligarh (U.P.), studied the effect of 
soil-applied and leaf-applied phosphorus on the yield and 
quality of linseed cv. LHS 1. Three levels of basal 
phosphorus (10, 15 and 20 kg P/ha) constituted one variant 
and leaf-applied phosphorus (0, 1, 2 and 3 kg P/ha), the 
other. In addition, 100 kg basal N/ha was applied uniformly 
at the time of sowing. The treatments affected all 
parameters (capsules/plant, seeds/capsule, hecto-litre 
weight, seed yield, oil content, oil yield and iodine value) 
significantly. Application of 15 kg basal P/ha and 1 kg 
spray P/ha proved to be optimum for most of the parameters 
separately as well as in combination. 
Thakur and Srivastava (1989) performed a field 
experiment at Ranchi (Bihar) to study the effect of four 
levels of nitrogen, viz. 0, 20, 40 and 60 kg N/ha on growth 
and yield of two varieties of linseed, namely Sweta and 
T 397. It was found that nitrogen application increased seed 
yield upto 60 kg N/ha. However, it had decreasing effect on 
oil content. They also reported the superiority of cultivar 
Sweta over T 397. 
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Pawar et a]^. (1990) conducted a field experiment 
for two years at Rahuri (Maharashtra) to study the effect of 
five levels of nitrogen on the content and uptake of 
nitrogen, phosphorus and potassium and seed and straw yield 
of three linseed cultivars. The levels of nitrogen selected 
were 0, 15, 30, 45 and 60 kg N/ha and the cultivars, C 429, 
SPS 23-10 and SPS 49-2. They reported that the content, as 
well as uptake, of nitrogen, phosphorus and potassium in the 
seed, as well as seed and straw yield, increased with 
increasing levels of nitrogen. It was also observed that 
nitrogen content was higher in the seed while phosphorus and 
potassium content was higher in straw. Regarding the 
response of cultivars it was noted that cultivar SPS 23-10, 
followed by variety C 429, showed maximum content, as well 
as uptake, of nitrogen, phosphorus and potassium and seed 
and biological yield. 
Yadav et a^ .^ (1990) conducted a field experiment on 
linseed cv. Jawahar 23 at Sehore (M.P.). They provided four 
levels of nitrogen (0, 30, 60 and 90 kg N/ha) and three 
levels of phosphorus, viz. 0, 15, and 30 kg P^O- (0, 6.5 and 
13.1 kg P/ha). It was noticed that application of nitrogen 
upto 60 kg N/ha enhanced yield paramenters, including seed 
yield. Oil content was, however, not affected by nitrogen 
levels. Application of 15 kg ^pOc (6.5 kg P/ha) proved 
optimum for seed yield. On the other hand, capsules/plant, 
seeds/capsule and oil content were improved linearly with 
increasing levels of phosphorus. 
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Chourasia et al.. (1992) performed a field 
experiment for two years at Tikamgarh (M.P.) on linseed cv. 
Jawahar 23. They supplied all combinations of four levels of 
nitrogen (0, 30, 60 and 90 kg N/ha), four levels of sulphur 
(0, 15, 30 and 45 kg S/ha) and two levels of boron (0 and 
1.1 kg B/ha). They noted, on pooled basis that fertile 
capsules/plant and seeds/capsule increased with increasing 
levels of nitrogen upto 90 kg N/ha. The values for sterile 
capsules/plant, capsule weight and seed weight/capsule were 
also higher for 90 kg N/ha, but were at par with those for 
60 kg N/ha. They also observed that seed yield and net 
return were maximum for 90 kg N/ha in the first year of 
study while in the second year, 60 kg N/ha gave maximum 
value for these two parameters. 
Patidar and Lai (1992) laid down a field 
experiment at Udaipur (Rajasthan) to study the effect of 
four levels of nitrogen (0, 20, 40 and 60 kg N/ha), along 
with a common dose of 40 kg PpOj. (17.5 kg P)/ha, on three 
cultivars of linseed, namely Chambal, RL 102-71 and T 397. 
They reported that application of 40 kg N/ha proved optimum for 
capsules/plant, seeds/capsule, test weight and seed yield. 
However, straw yield was maximum in 60 kg N/ha and oil 
content, in 0 kg N/ha. Regarding the cultivars, they found 
that RL 102-71 proved best, followed by Chambal. 
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Pawar et £l. (1992) carried out a field experiment 
for two years at Rahuri (Maharashtra) to study the effect of 
five levels of nitrogen (0, 15, 30, 45 and 60 kg N/ha) on 
the performance of three cultivars of linseed, namely C 429, 
SPS 23-10, and SPS 49-2. They reported that application of 
45 kg N/ha proved optimum for most of the yield parameters, 
including seed yield. The cultivars C 429 and SPS 23-10, 
being at par in producing seed and straw yield, performed 
better than SPS 49-2. 
Vashishta (1993) conducted a field experiment for 
two years at Lakhaoti (U.P.) to study the effect of four 
levels of nitrogen (0, 40, 80 and 120 kg N/ha) and three 
levels of phosphorus, viz. 0, 20 and 40 kg ^2^5 ^°' ^  * "^  ^^^ •'•^ •^  
kg P)/ha on yield attributes, quality and uptake of nitrogen 
and phosphorus of linseed. They found that capsules/plant, 
seeds/capsule, seed yield/plant and seed yield/ha increased 
significantly with increasing levels of nitrogen and 
phosphorus. However, combination 80 kg N + 40 kg P^ O^ - (17.5 
kg P)/ha proved optimum. They also noticed that the maximum 
uptake of nitrogen and phosphorus was with the application 
of the highest doses of nitrogen and phosphorus. A 
combination of 80 kg N + 40 kg P^O^ (17.5 kg P)/ha gave 
maximum nitrogen uptake. For oil content and iodine value, 
application of 40 kg N/ha proved best-
Dixit et aj.. (1994) conducted a field experiment 
for four years at Powarkheda (M.P.) to study the response of 
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three cultivars of linseed, namely Jawahar 23, Kiran and 
R 552, to foiir levels of nitrogen, viz. 0, 30, 60 and 90 kg 
N/ha, with a uniform dose of 20 kg PpO^ (8.7 kg P) and 20 kg 
K^O (16.6 kg K)/ha. The data revealed that application of 90 
kg N/lia proved best for seed yield and net return. Among 
cultivars, R 552 out-yielded others. They concluded that cv. 
R 552 could be grovm for obtaining maximum yield and net 
return with 90 kg N/ha. 
Dubey and Singh (1994), conducting a field 
experiment for two years at Lakhoti (U.P.), studied the 
effect of three levels of nitrogen, viz. 0, 50 and 100 kg N/ha 
along with a basal dose of 40 kg P^O- (17.5 kg P)/ha, on 
yield and yield attributes of linseed cv. Neelum. They found 
that capsules/plant, 1,000 seed weight, seed yield/plant and 
seed and straw yield/ha were enhanced linearly with 
successive levels of nitrogen. 
Mohammad (1994) conducted a field experiment on 
linseed cv. LHS 1 at Aligarh (U.P.) to study the cumulative 
effect of soil-applied and leaf-applied nitrogen on yield 
and quality. Four levels of soil-applied nitrogen (25, 50, 
75 and 100 kg N/ha) constituted one variant and three levels 
of leaf-applied nitrogen (0, 10 and 20 kg N/ha), the other. 
A uniform basal dose of 20 kg P/ha was given at the time of 
sowing. He reported that basal application of 50 kg N/ha and 
foliar application of 10 kg N/ha, alone and in combination, 
proved better for most characteristics, including seed and 
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oil yield. 
Singh and Mishra (1994) carried out a field 
experiment for two years at Kanpur (U.P.) to study the 
effect of nitrogen and sulphur on their uptake and dry 
matter accumulation by two cultivars of linseed. The 
treatments consisted of combinations of three levels each of 
nitrogen (0, 40 and 80 kg N/ha) and sulphur (0, 20 and 40 kg 
S/ha). All plots received a uniform basal dressing of 60 
kg/ha P O^ (26.2 kg P) and 60 kg K2O (49.8 kg K)/ha. The 
cultivars included Garima and Gaurav. They reported that 
increasing levels of nitrogen and sulphur enhanced nitrogen, 
as well as sulphur, uptake and dry matter accumulation. 
Cultivar Gaurav surpassed Garima. 
Singh et ad. (1994) conducted a field experiment, 
under dry land conditions, for two years at Khandasa (U.P.). 
They studied the effect of four levels of nitrogen, viz. 0, 
15, 30 and 45 kg N/ha, along with a uniform dose of 20 kg 
P„Oc- (8.7 kg P)/ha, on the performance of three cultivars of 
linseed, namely Garima, Mukta and Shubhra.' Plant height, 
capsules/plant, seeds/capsule, test weight and seed and 
straw yield increased with application of nitrogen. 
Application of 30 kg N/ha proved optimum for pods/plant and 
seed yield. The yield attributing characters of the three 
linseed cultivars were found at par during both years of 
experimentation. Cultivar Garima gave higher seed yield than 
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Mukta which was at par with Shubhra in the first year. 
However in the second year, Garima and Mukta being at par, 
proved superior to Shubhra. 
Singh and Tomar (1994) laid down a field experiment 
at Bichpuri (U.P.) for two years. They applied three levels 
of potassium 0, 30 and 60 ppm,i.e. 0, 67.2 and 134.4 kg 
K/ha along with a uniform basal application of 2 0 ppm N 
(44.8 kg N/ha) and 30 ppm P2O (29.3 kg P/ha) to linseed cv. 
Heera. They observed that potassium application increased 
seed and stover production of this crop. Application of 
increasing levels of potassium increased potassium content 
but decreased calcium and magnesium content of seed and 
straw. They also added that K/Ca and K/Mg ratios increased 
with potassium levels and were associated with higher seed 
and straw yield. 
Chaubey and Dwivedi (1995) carried out a field 
experiment for two years at Kanpur (U.P.) to study the 
effect of nitrogen, phosphorus and sulphur alone, or in 
combination, on seed and straw yield and on nutrient uptake 
of linseed cv. Garima. The treatments consisted of three 
leveDseach of nitrogen (0, 40 and 80 kg N/ha), phosphorus 
(0, 25 and 50 kg p20^ (0, 10.9 and 21.8 kg P)/ha)and suphur 
(0, 30 and 60 kg S/ha). They reported that the application 
of 80 kg N+50 kg P20^ (21.8 kg P)/ha resulted in the maximum 
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seed and straw yield. They also found that the highest 
uptake of nitrogen in linseed (seed+straw) was with 80 kg N, 
50 kg Po^c (21.8 kg P) or 60 kg S/ha; highest phosphorus 
uptake, with higher levels of nitrogen, phosphorus or 
sulphur and highest sulphur uptake, with 60 kg S/ha. 
Dutta et al.. (1995) conducted a field experiment on 
linseed cv. K2 for two years at Hisar (Haryana). They 
reported that application of graded levels of nitrogen (0, 
20, 40, 60 and 80 kg N/ha) increased seed yield linearly. 
Dwivedi and Chaubey (1995) supplementing 
their findings revievt d above (Chaubey and Dwivedi, 1995) 
reported further that application of phosphorus at 50 kg Pj^c 
(21.8 kg P)/ha, or of sulphur at 60 kg S/ha, resulted in 
maximum oil content of seeds. Maximum iodine value was 
obtained with 80 kg N + 0 kg P/ha and 0 kg P + 0 kg S/ha. 
However, there was no effect of nutrients on lipoxigenase 
activity. 
Samui et al.. (1995) carried out a field experiment 
for two years at Kalyani (West Bengal) to study the effect 
of graded levels of nitrogen on the performance of linseed 
cultivars. They applied three levels of nitrogen, viz. 0, 
40 and 80 kg N/ha along with a uniform dose of 40 kg P^O 
(17.5 kg P) and 20 kg K2O (16.6 kg K)/ha. They took six 
cultivars (Himalini, Neela, Neelum, RLC 6, Shubhra and T 
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397) in the first year of experimentation. However, in the 
second year, they added one more cultivar namely Garima. 
They observed that increasing rate of nitrogen application 
enhanced plant height, capsules/plant, 1,000 seed weight, 
seed yield and oil yield linearly. Among cultivars, Neelum 
performed better. 
2.4 Conclusion 
The perusal of the foregoing review of literature 
reveals that the different cultivars of sunflower, as well 
as linseed, responded variably to applied nutrients and 
agroclimatic conditions whereas the research undertaken at 
Aligarh is inadequate. It is, therefore, highly desirable to 
study the response of selected newly released varieties of 
these oil crops to differ* iit combinations of nitrogen, 
phosphorus, potassium and sulphur under local 
conditions, as proposed in the introduction (page 4). 
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.CHAPTER; 
MATERIALS AND METHODS 
To achieve the objectives of the proposed research, 
six field experiments, three each on Helianthus annuus 
(sunflower) and Linum usitatissimum (linseed) will be 
conducted at the University Farm of the Aligarh Muslim 
University, Aligarh. Experiments on sunflower will be 
performed during 'zaid' (spring) season and on linseed, 
during 'rabi' (winter) season. The details of the materials 
and methods are given below. 
3.1 Pre£aration^ of_ fjjeld 
For preparation of field, proper ploughing will be 
done during rainy season to turn the soil for adequate 
aeration. This will be helpful for the eradication of weeds 
also. After one last ploughing at the end of the rainy 
season, plots of 10 sq m (4 x 2.5 m) size will be prepared. 
A uniform basal dressing of enough well rotted farm yard 
manure, will also be applied as needed. The prepared plots 
will be irrigated lightly (before sowing the seeds) to 
maintain proper moisture content in the sub-surface of the 
soil. 
3.2 Soil characteristics 
Before sowing, soil sample will be taken from each 
plot upto a depth of about 10-15 cm. All samples will be 
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mixed to get a composite sample. The composite sample will 
be analysed for the following physico-chemical properties 
(Table 1). 
Table 1. Physico-chemical characteristics of the soil of 
fields used for Experiments 1-6 
Soil characteristics 
Experiments 
Texture 
pH (1:2) 
EC (m mhos/cm) 
Available nitrogen 
(kg N/ha) 
Available phosphorus 
(kg P/ha) 
Available potassium 
(kg K/ha) 
Calcium carbonate 
3.3 Seeds 
Authentic seeds of newly released high yielding 
cultivars of sunflower and linseed, recommended for local 
cultivation, will be obtained from the Division of Oilseeds, 
Chandra Shekar Azad University of Agriculture and 
Technology, Kanpur (U.P.). Seeds of uniform size will be 
selected and their viability will be tested. The seeds will 
be surface sterilised with ethyl alcohol before sowing. 
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3.4 Experiment 1 
The aim of this experiment is to select the best 
performing sunflower cultivar suited under local conditions. 
Five high yielding cultivars of sunflower, namely KBSH 1, 
LDMRSH 3, MLSFH 21, MSFH 8 and PAC 3425, will be grown with 
the recommended basal dose of 80 kg N, 26 kg P and 33 kg 
K/ha during 'zaid' (spring) season (Table 2). Half of the 
nitrogen dose and full phosphorus and potassium will be 
applied at the time of sowing. The remaining nitrogen will 
be given in two equal splits at first and second 
irrigiation. The sources of nitrogen, phosphorus and 
potassium will be urea, diammonium phosphate and muriate of 
potash respectively. The content of nitrogen present in 
diammonium phosphate will be adjusted in the nitrogen 
treatment. 
The seed rate will be kept at 8 kg/ha. There would 
be three replicates for each cultivar. The design of the 
experiment will be simple randomised. Thinning, if required, 
will be done at first irrigation. Weeding and irrigation 
will be undertaken as and when required. 
Table 2. Scheme of treatments in Experiment 1 (sunflower) 
Cultivars Basal fertiliser dose (kg/ha) 
N P K 
KBSH 1 80 26 33 
LDMRSH 3 " " " 
MLSFH 21 
MSFH 8 " 
PAC 3425 " " " 
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3.5 Experiment 2 
As in Experiment 1, the aim of this experiment will 
be to select the best suited cultivar of linseed under local 
conditions. Five high yielding cultivars of linseed, namely 
Garima, Gaurav, Mukta, Neelam and Shubhra, will be grown 
with the recommended basal dose of 60 kg N and 13 kg P/ha 
(Table 3). Half of the nitrogen dose and full phosphorus 
will be applied at the time of sowing and the remaining 
nitrogen will be applied 50 days after sowing. The seed rate 
will be kept at 25 kg/ha. There will be three replicates for 
each cultivar. The design of the experiment will be simple 
randomised. The sources of nitrogen and phosphorus will be 
the same as in Experiment 1. Irrigation and weeding will be 
done as and when required. Thinning will be performed at 
first weeding. 
Table 3. Scheme of treatments in Experiment 2 (linseed) 
Basal fertiliser dose (kg/ha) 
Cultivars 
N . P 
Garima 60 13 
Gaurav " " 
Mukta " 
Neelam 
Shubhra 
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3.6 Experiment 3 
This experiment will be conducted on the best 
suited cultivar of sunflower (selected in Experiment 1) 
during the following spring season. The aim of this 
experiment will be to determine the optimum basal doses of 
nitrogen and phosphorus for the selected variety under local 
conditions. Five levels of nitrogen, viz. 0, 40, 80, 120 and 
160 kg N/ha and four, of phosphorus (0, 13, 26 and 39 kg 
P/ha), along with a uniform dose of 33 kg K/ha, will be 
applied (Table 4). The sources of the nutrients, cultural 
practices and seed rate will be the same as in Experiment 
1. Each treatment will be replicated three times. The design 
of experiment will be factorial randomised. 
Table 4. Scheme of treatments in Experiment 3 (sunflower) 
Phosphorus treatment (kg P/ha) 
Nitrogen treatment • 
(kg N/ha) 0 13 26 39 
0 
40 
80 
120 
160 
N.B. A uniform dose of 33 kg K/ha will be applied at the 
time of sowing. 
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3.7 Experiment 4 
This experiment will be conducted on the best suited 
cultivar of linseed, selected on the basis of Experiment 2, 
during the next rabi (winter) season. The aim of this 
experiment will be to determine the optimum dose of nitrogen 
and phosphorus under local conditions. Five levels of 
nitrogen (0, 30, 60, 90 and 120 kg N/ha) and four, of 
phosphorus (0, 13, 26 and 39 kg P/ha) will be applied 
(Table 5). The source of the nutrients and other cultural 
practices will be the same as in Experiment 1 and 
Experiment 2 respectively. Each will have three repli ates. 
The design of the experiment will be factorial randomised. 
Table 5- Scheme of treatments in Experiment 4 (linseed) 
„.^ ^ ^ ^ Phosphorus treatment (kg P/ha) 
Nitrogen treatment z. .—I 
(kg N/ha) Q 3_3 26 39 
0 
30 
60 
90 
120 
3.8 Experiment. 5 
This experiment will be conducted on the same 
cultivar of sunflower as in Experiment 3 during the third 
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'zaid' (spring) season. The aim of this experiment will be 
to determine the best combination of potassium and sulphur 
in the presence of optimum nitrogen and phosphorus dose (as 
determined in Experiment 3). Four levels of potassium, viz. 
0, 16.5, 33 and 49.5 kg K/ha and four, of sulphur (0, 20, 40 
and 60 kg S/ha) will be applied basally (Table 6). The 
sources of nitrogen, phosphorus and potassium and cultural 
practices will be as in Experiment 1. Sulphur will be 
applied as gypsum. Each treatment will be replicated three 
times. The design of the experiment will be factorial 
randomised (Table 6). 
Table 6. Scheme of treatments in Experiment 5 (sunflower) 
Potassium treatment Sulphur treatment (kg S/ha) 
(^ 5 K/ha) Q 20 40 60 
0 
16.5 
33.0 
49.5 
N.B. A uniform dose of nitrogen and phosphorus (determined 
as optimum in Experiment 3) will be applied at the time 
of sowing. 
3.9 Experiment. 6 
This last experiment will be conducted on the same 
cultivar of linseed (selected in Experiment 2 ), during the 
third 'rabi' (winter) season . The aim of this experiment 
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will be, as in Experiment 5, to determine the best 
combination of potassium and sulphur in the presence of the 
optimum nitrogen and phosphorus doses obtained in 
Experiment 4. There will be four levels each of potassium 
(0, 16.5, 33.0 and 49.5 kg K/ha) and sulphur, viz. 
0, 15, 30 and 45 kg S/ha (Table 7). The sources of 
nitrogen, phosphorus and potassium will be as in 
Experiment 1. Sulphur will be given as gypsum as in 
Expeiriment 5. The other cultural practices would be the 
same as in Experiment 2. 
Table 7. Scheme of treatments in Experiment 6 (linseed) 
Potassium treatment 
(kg K/ha) 
Sulphur treatment (kg S/ha) 
15 30 45 
0 
16.5 
33.0 
49.5 
N.B. A uniform dose of nitrogen and phosphorus (determined 
as optimum in Experiment 4) will be applied at the 
time of sowing. 
3.10 Sampling techniques 
The performance of both crops will be assessed on 
the basis of the following growth, biochemical, chemical, 
and yield parameters. 
48 
3.10.1 Growth Characteiristics 
To study the growth behaviour of crops, five plants 
will be taken randomly from each plot at 50, 75 and 10 0 days 
after sowing. The following parameters will be studied : 
1. Shoot length/plant 
2. Fresh weight/plant 
3. Leaf area/plant 
4. Dry weight/plant 
5. Leaf area index 
6. Crop growth rate 
7. Net assimilation rate 
8. Relative growth rate 
3.10.2 Enzymatic characterAsties 
Two enzymes, namely carbonic anhydrase and nitrate 
reductase will be assayed in fresh leaves collected from 
each plot at the above mentioned stages. 
3-10.3 N, P, K and S content of leaves 
Nitrogen, phosphorus, potassium and sulphur will be 
estimated in dried leaf powder obtained at the above stages 
from each plot. 
3.10.4 Yield characteristics 
To assess the yield performance of the crops, five 
plants from each plot will be taken randomly at harvest. For 
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total weight of seeds, each plot will be harvested 
separately. The harvested crop will be sun-dried in a net 
house to check losses. After drying the crops, each sample 
will be threshed individually. The seeds will be utilised 
for assessing the other characteristics. The following 
yield characteristics wilJ be studied. 
1. Heads or pods/plant 
2. Seeds/head or seeds/pod 
3. Hecto-litre weight 
4. Seed yield 
5. Oil content 
6. Oil yield 
3-11 Determination of various parameters 
3.11.1 Leaf area index (LAI) 
Leaf area index will be determined by the following 
formula suggested by Watson (1958) : 
^,^ Leaf area LAI = 
Ground area 
In sunflower, the leaf area will be obtained 
directly with the help of a graph paper. However in case of 
linseed the leaf area will be calculated by gravimetric 
method. In this method, leaf area of definite number of 
leaves of a sample will be determined with the help of a 
graph paper. Dry weight of these counted leaves will also 
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be obtained. Leaf area of total leaves of the sample will 
be calculated on the basis of the leaf area of known dry 
weight and total dry weight of the leaves. 
3.11.2 Crop growth rate (CGR) 
The crop growth rate is defined as the gain in 
weight of community of plants on a unit of land in a unit 
of time. 
The calculation of crop growth rate will be based on 
the following formula suggested by Watson (1952) : 
CGR = ~ X g/m /day 
dt p 
where, 
dw = difference in dry weight at given time 
dt = time interval 
p = land area 
3.11.3 Net assimilation rate (NAR) 
Net assimilation rate is defined as the increase in 
weight per unit leaf area per unit time. It will be E 
LI 
determined by the following formula given by Milthorpe and 
Moorby (1979) : 
"2 -^1 (1"I^2- "-^H^ 2 
NAR = X g/m^/day 
2^ -^ 1 ^2- H 
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W2 - ^i 2.303 X (logioL2-logioLi) , 2/,^^, 
i.e. NAR = X g/m /aay 
t2 - ti L2 - L]_ 
where, 
W-i = dry weight/plant at I growth stage 
L, - Leaf area/plant at I growth stage 
t, = days to sampling at I growth stage 
W_ = dry weight/plant at II growth stage 
L_ = Leaf area/plant at II growth stage 
t- = days to sampling at II growth stage 
In = logarithm to base e 
log = logarithm to base 10 
3.11.4 Relative growth rate (RGR) 
Relative growth rate is defined as the dry weight 
increase in a time interval in relation to the initial 
weight. It is calculated by the following formula given by 
Radford (1967) : 
In W - In W 
RGR = ± ± mg/g/day 
t2 - ti 
x.e. RGR = mg/g/day 
t2 - t^ 
where, 
W]^ = dry weight of plant at I growth stage 
tj^  = days to sampling at I growth stage 
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W- = dry weight of plant at II growth stage 
t_ = days to sampling at II growth stage 
In = logarithm to base e 
log = logarithm to base 10 
3.11.5 Estimation of carbonic anhydrase (CA) activity 
The enzyme carbonic anhydrase catalyses the 
reversible hydration of carbon dioxide (CO ) to give the 
bicarbonate ion. 
H2O+ CO2 _^  carbonic anhydrase __^ ^+ ^ ^^^-
It will be assayed by adopting the method of Dwivedi and 
Randhawa (1974). 
Plant leaves will be sampled from each plot 
2 
randomly. Leaves will be cut into small pieces (1 cm ) at a 
temperature below 25°C. After mixing them, 200 mg leaf 
pieces will be weighed to be cut further into smaller 
pieces (2-3 mm length) in 10 ml 0.2 M cystein (Appendix) in 
a petridish at 0 to 4°C. After being cut the solution adhering 
at their surface will be removed with the help of a 
blotting paper followed by transfer immediately to a test 
tube, having 4 ml phosphate buffer of pH 6.8 (Appendix). 
To this 4 ml 0.2 M sodium bicarbonate (NaHCO^) in 0.02 M 
sodium hydroxide (NaOH) solution and 0.2 ml 0.002% 
bromothymol blue indicator (Appendix) will be added. After 
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shaking, the tubes will be kept at 0-4°C for 20 
minutes. 
C0_ liberated during catalytic action of enzyme on 
NaHCO^ will be estimated by titrating the reaction mixture 
against 0.05 N hydrochloric acid (Appendix), using methyl 
red as an internal indicator. The control reaction mixture 
will also be titrated against 0.05 N hydrochloric acid. 
The difference of sample reading and control reading will 
be noted for further calculation of enzyme activity. 
The activity of enzyme will be determined by the 
following formula : 
V X 22 X N 1 ^^ / /^n 
n niol CO /mg/20 mm. 
w 
where. 
v=difference in volume (ml) of hydrochloric acid used in 
control and sample 
22 = equivalent weight of CO2 
N=normality of HCl 
w=weight of leaves (mg) used 
3.11.6 Estimation of nitrate reductase activity (NRA) 
"Hie enzyme nitrate reductase ca ta lyses the reduction of 
n i t r a t e to n i t r i t e . 
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+ nitrate reductase - . ^.r, . „ ^ 
NO3 + NADH + H > NO2 + NAD + H2O 
The enzyme activity will be estimated by the intact 
tissue assay method of Jaworski (1971), which is based on 
the reduction of nitrate to nitrite, and the nitrite formed 
will be then determined colorimetrically. 
200 iiig pieces of fresh leaves will be weighed and 
transferred to polythene vials. To each vial, 2,5 ml 
phosphate buffer having pH 7.5 and 0.5 ml 0.2 M potassium 
nitrate solution will be added followed by addition of 2.5 
ml of 5% isopropanol (Appendix). Finally two drops of 
chloramphenicol solution will be added to avoid bacterial 
grwoth in the medium. These vials will be incubated for two 
hours in dark at 30°C. 
3.11.6.1 Development of colour 
0.4 ml incubated mixture will be taken in a test 
tube to which 0.3 ml each 1% sulphanilamide and 0.02% 
naphthylethylenediamine dihydrochloride (NED-HCl) will be 
added (Appendix). The test tube will be kept for 20 minutes 
for colour development. The mixture will be diluted to 5 ml 
by adding sufficient amount of double distilled water 
(DDW). The per cent transmittance will be read at 540 nm, 
using a blank on Bausch and Lomb "Spectronic 20" 
colorimeter. 
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3.11.6.2 Standard curve forNRA 
30 mg sodium nitrite (NaN02) will be dissolved in 
100 ml DDW. From this solution, 0.8 ml will be taken and 
again diluted to 100 ml with the help of DDW. From this 
solution ten aliquotS/ viz. 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 
1.4, 1.6, 1.8 and 2.0 ml will be taken in separate test 
tubes. To each of these, 0.3ml each 1% sulphanilamide and 
0.02% NED-HCL will be added. The solution will be diluted 
upto 5 ml by DDW and per cent transmittance will be read at 
54 0 nm, using a blank, with the help of a Bausch and Lomb 
"Spectronic 20" colorimeter. 
After converting per cent transmittance into optical 
density (OD), a standard curve will be plotted using 
different concentrations of pure sodium nitrite versus OD. 
The optical density of the sample will be compared with a 
calibrated curve and NRA will be expressed as n mol/NO^/g 
fresh leaf tissue/h. 
^'^^'7 Estimation of nitrogen, phosphorus and potassium 
3.11.7.1 Digestion of leaf powder 
100 mg oven-dried powder of leaf material will be 
transferred to 50 ml Kjeldahl flask to which 2 ml sulphuric 
acid will be added. The flask will be heated on a 
temperature controlled assembly for about two hours to allow 
complete reduction of nitrate present in the plant material 
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by the organic matter itself. As a result, the content of 
the flask will turn black. After cooling the flask for about 
15 minutes, 0.5 ml 30% hydrogen peroxide (H 0_) will be 
added drop by drop and the solution will be heated again 
till the colour of the solution is changed from black to 
light yellow. Again, after cooling for about 30 minutes, an 
additional 3 to 4 drops of 30% H_0„ will be added, followed 
by heating for another 15 minutes. The addition of 30% H_0 , 
followed by heating, will be repeated if the contents of the 
flask remain coloured. The peroxide digested material will 
be transferred from Kjeldahl flask to 100 ml volumetric 
flask with three washings each with 5 ml of DDW. Volume of 
the volumetric flask will be made upto the mark with DDW. 
3.11.7.2 Estimation of nitrogen 
Nitrogen will be estimated according to Lindner 
(1944). A 10 ml aliquot of the above digested material will 
be taken in a 50 ml volumetric flask. To this, 2 ml 2.5 N 
sodium hydroxide and 1 ml 10% sodium silicate solution 
(Appendix) will be added to neutralise the excess of acid 
and to prevent turbidity respectively. The volume of 
solution will be made upto the mark with DDW. In a 10 ml 
graduated test tube, 5 ml aliquot of this solution will be 
taken and 0.5 ml Nessler's reagent (Appendix) will be added. 
The contents of the test tube will be allowed to stand for 5 
minutes for maximum colour development. The solution will be 
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transferred to a colorimetric tube and the per cent 
transmittance will be read at 525 nm, using a blank, on a 
Bausch and Lomb "Spectronic 20" colorimeter. The reading 
of each sample will be compared with a standard calibration 
curve and nitrogen will be expressed in terms of percentage 
on dry weight basis. 
3.11.7.2.1 Standard curve for nitrogen 
50 mg pure ammonium sulphate will be dissolved in 
1 litre DDW. From this solution, 0.1, 0.2, 0.3, 0.4, 0,5, 
0.6, 0.7, 0.8, 0.9 and 1.0 ml will be pipetted into ten test 
tubes. The solution in each test tube will be diluted to 
5 ml with DDW. In each test tube, 0.5 ml Nessler's reagent 
will be added. After 5 minutes, the per cent transmittance 
will be read at 525 nm, using a blank, on a Bausch and Lomb 
"Spectronic 20" colorimeter. Standard curve will be plotted 
using different concentration of ammonium sulphate solution 
versus OD. 
3.11.7.3 Estimation of phosphorus 
The method of Fiske and Subba Row (1925) will be 
used to estimate the total phosphorus in digested material. 
A 5 ml aliquot will be taken in a 10 ml graduated test tube 
and 1 ml molybdic acid will be added carefully followed by 
addition of 0.4 ml l-amino-2-naphthol-4-sulphonic acid 
(Appendix). The colour will turn blue. The volume will be 
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made upto 10 ml with the addition of DDW. The solution will 
be shaken for 5 minutes and then will be transferred to a 
colorimetric tube. The per cent transmittance will be read 
at 620 nm, using a blank, on a Bausch and Lomb "Spectronic 
20" colorimeter. 
3.117.3.1 Standard_C3jrve_f or jgh 
351 mg pure potassium dihydrogen orthophosphate will 
be dissolved in sufficient DDW to which 10 ml 10 N sulphuric 
acid will be added and the final volume \sill be made upto 1 
litre with DDW. From this solution, 0.1, 0.2, 0.3, 0.: 0.5, 
0.6, 0.7, 0.8, 0.9 and I.O ml aliquots will be taken in Len 
test tubes. The solution in each test tube will be diluted 
to 5 ml with DDW. In each tube, 1 ml molybdic acid and 0.4 
ml l-ainrno~2-naphthol-4-sulphonic acid will be added. After 
5 minutes, the per cent transmittance will be read at 620 nm 
on the spectrophotometer. A blank will also be run 
simultaneously. The standard curve will be plotted using 
different dilutions of potassium dihydrogen orthophosphate 
verus OD. 
3.11.7.4 Eigtj.mation ofjpotasBium 
Potassium will be estimated with the help of a flame 
photometer. After adjusting the filter for potassium in the 
photometer, 10 ml pez-oxide-digested material will be run. A 
blank will also be run side by side. 
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3.11.7.4.1 Standard curve for potassium 
1.91 g potassium chloride will be dissolved in 
100 ml DDW, of which 1 ml solution will be diluted to 1 
litre. The resulting solution will be of 10 ppm potassium. 
From this 10 ppm potassium stock solution, 10 ml each of 1, 
2, 3, 4, 5, 6, 7, 8, 9 and 10 ppm K will be prepared in 
separate vials using DDW for dilution. The solution of each 
vial will be run separately. A blank will also be run with 
each set of determination. A standard curve will be 
prepared, using different dilutions of potassium chloride 
solution versus the reading on the scale of the 
galvanometer. 
3.11-8 Estimation of sulphur 
Sulphur in leaves will be estimated by adopting 
the method of Patterson (1958). To a Kjeldahl flask 300 mg 
leaf powder will be transferred to which 0.1 ml saturated 
solution of selenium dioxide, 10 ml nitric acid and 1 ml 
hydrochloric acid will be added. Then the flask will be kept 
on a temperature controlled assembly till the digestion of 
the leaf powder. The digested material will be filtered and 
the filtrate will be collected in a 100 ml volumetric flask 
to which 10 ml 3% glycerol and 5 ml 2% barium chloride 
(Appendix) will be added. The final volume of the flask will 
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be made up with DDW. Sulphur will be precipitated as barium 
sulphate, the intensity of the colour will be read at 420 
nm, using a blank on a Bausch and Lomb "Spectronic 20" 
colorimeter. 
The reading of each sample will be compared with a 
calibrated curve and sulphur will be expressed in terms of 
percentage on dry weight basis. 
3.11.8.1 Standard curve for sulphur 
A weighed sample of 54 4 mg potassium sulphate will be 
transferred to a 1 litre volumetric flask. The final volume 
of the flask will be made with DDW. The concentration of the 
resultant solution will be 100 ppm sulphur. From this stock 
solution, 10 ml each of 2, 4, 6, 8, 10, 12, 14, 16, 18 and 
20 ppm S will be prepared in 100 ml volumetric flask 
separately. To each flask, 10 ml 3% glycerol and 5 ml 2% 
barium chloride will be added. The final volume of the flask 
will be made with DDW. The intensity of the colour will be 
read at 420 nm, using a blank, on a Bausch and Lomb 
"Spectronic 20" colorimeter. A standard curve will be 
plotted using different dilutions of potassium sulphate 
versus OD. 
3.11.9 Determination of oil percentage and oil yield 
Seeds will be analysed to assess their quality in 
terms of oil content. 
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3.11.9.1 Preparation of seed sample for analysis 
The impurities smaller than the seeds will be 
separated with the help of a sieve having the pore size 
smaller than the diameter of the seeds. However, the 
impurities larger than the seeds will be removed using a 
sieve with pore size just larger than the seeds. 
3.11.9.2 Grinding of seed sample 
In order to get the powder of seeds, grinding will 
be done in an electrical grinder until the formation of a 
fine meal. 
3.11.9.3 Determination of oil content 
25 g ground seeds will be taken and transferred to 
the flask of a Soxhlet apparatus to which sufficient 
quantity of pure petroleum ether will be added. The 
apparatus will be kept on a water bath, runing at 60°C, for 
about six hours. At the end of the extraction process, the 
petroluem ether extract of the seeds will be put in air to 
evaporate the petroleum ether from it. The oil left after 
the evaporation of petroleum ether will be weighed and 
expressed as percentage of the mass of the seeds. The 
percentage of oil will be calculated by the following 
formula: 
Percentage of oil = 
62 
m X 100 
IHo 
where, 
m is the sum of mass of oil in g 
m is the mass of seed sample. 
o '^ 
The oil yield will be calculated on the basis of 
oil percentage and seed yield. 
3.12 Statistical analysis 
All experimental data will be subjected to 
statistical analysis by adopting analysis of variance 
technique, according to the design of experiment (Panse and 
Sukhatme, 1985) and the result will be determined at 5% 
level of probability. If the data will be found significant, 
critical difference (CD) will be calculated. Correlation of 
various characteristics with seed yield will also be worked 
out. 
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APPENDIX 
APPENDIX 
Reagents for detenaination of_^arbojuc aahydrase a^^^  
1. 0^002% Bromothyinol blue indicator in ethanol 
0.002 g broraothymol blue will be dissolved in 
approximately 100 ml ethanol. 
2. f^  ^M Cystein solution 
48 g cystein will be dissolved in sufficient DDW and 
final volume will be made upto 1 litre with DDW. 
3• 0.05 N Hydrcyhloric acid 
4.3 ml pure hydrochloric acid will be mixeti with 
995.7 ml DDW. 
This will be prepared by dissolving 27.8 g sodium 
dihydrogen ortho-phosphate and 53.65 g di-sodium 
hydrogen orthophosphate in sufficient DDW separately 
and final volume (1000 ml) will be made up with DDW. To 
achieve pH 6.8, 5 ml of monobasic sodium phosphate 
solution will be mixed with 49 ml of dibasic sodium 
phosphate solution and diluted to 200 ml with DDW. 
16.8 g sodium bicarbonate will be dissolved in aqueous 
sodium hydroxide solution (0.8 g KaOH/1) and final 
volume will be made upto 1 litre with the sodiuin 
hydroxide solution. 
(ii) 
Reagents required for the estimation of nitrate reductase 
activity 
1. 5% Isopropanol soluton 
5 ml isopropanol will be mixed with 95 ml DDW. 
2. 0.02% Naphthylethylenediamine dihydrochloride (NED-HCl) 
solution 
20 mg naphthylethylenediamine dihydrochloride will be 
dissolved in sufficient DDW and final volume (100 ml) 
will be made up with DDW, 
3. O.IM Phosphate buffer (pH 7.5) 
(a) 13.6 g potassium dihydrogen orthophosphate will be 
dissolved in sufficient DDW and final volume 
(1,000 ml) will be made up with DDW. 
(b) 17.42 g dipotassium hydrogen orthophosphate will 
be dissolved in sufficient DDW and final volume 
(1000 ml) will be made up with DDW. 
160 ml of solution (a) and 840 ml of solution (b) will 
be mixed for getting phosphate buffer pH 7.5. 
'*• 0.2 M Potassium nitrate solution 
2.02 g potassium nitrate will be dissolved in 
sufficient DDW and final volume (100 ml) will be made 
up with DDW. 
5. 1% Sulphanileunide solution 
1.0 g sulphanilamide will be dissolved in 3 N 
hydrochloric acid and final volume (100 ml) will be 
made up with 3 N hydrochloric acid. 
(iii) 
Reagents for the estimation of nitrogen, phosphorus and 
potassium 
1• flminonaphthol sulphonic acid 
500 mg l-amino-2-naphthol-4-sulphonic acid will be 
dissolved in 195 ml 15% sodium bisulphite to which 5 
ml 20% sodium sulphite solution will be added. The 
solution will be kept in an amber coloured bottle. 
2 • Molybdic acid reagent 
6.25gammonium molybdate will be dissolved in 175 ml 10 
N H_SO.. 2 4 
3. Nessler's reagent 
3.5 g potassium iodide will be dissolved in 100 ml DDW 
in which 4% mercuric chloride will be added with 
stirring until a slight red precipitate remains, then 
120 g NaOH will be mixed with 250 ml DDW. The volume 
will be made upto 1,000 ml with DDW. The mixture will 
be kept in an amber coloured bottle. 
4. 2.5 N Sodium hydroxide solution 
100 g sodium hydroxide will be dissolved in sufficient 
DDW and final volume will be made upto 1000 ml with 
DDW. 
^• 10% Sodium silicate solution 
10 g sodium silicate will be dissolved in sufficient 
DDW and final volume will be made upto and 100 ml with 
DDW-
(iv) 
6. 10 N Sulphuric acid 
27.2 ml sulphuric acid will be mixed with 72.8 ml DDW. 
Reagents for the estimation of sulphur 
1. 2% Barium chloride solution 
2 g barium chloride will be dissolved in sufficient 
DDW and the final volume will be made upto 100 ml. 
2. 3% Glycerol solution 
3 ml glycerol will be dissolved in 97 ml DDW. 
